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Purpose/Objective: As part of an ongoing study on the 
rationalization of quality management in IMRT pre-treatment 
verification, six centers participated in a study comparing on-
site pre-treatment verification results with those of an 
external audit through TG119 cases. While TG119 compares 
dosimetric goals and measurement results, it does not take 
into account that centers may produce IMRT beams with 
different degrees of modulation. The present study expands 
TG119 by analyzing and inter-comparing the complexity of 
the IMRT plans that were generated for the audit across the 
participating centers. 
Materials and Methods: Due to compatibility issues only 5 
out of the 6 departments that entered the pre-treatment 
audit were selected for this analysis. The treatment planning 
systems were Eclipse (Varian Medical Systems) and iPlan 
(BrainLab) all optimizing for Varian linear accelerators 
(Novalis, 2100CD, 23EX). The MLC systems included the 80-
leaf and 120-leaf Millenium Series and the 52-leaf µMLC from 
BrainLAB. Each institution was asked to prepare a plan for 
the mock Head and Neck and Prostate cases as described in 
TG119. 
A MATLAB® program was written to analyze the DICOM-RT 
plans, on a field by field basis, to compute the following 
complexity parameters: 
(1) The Modulation Index (MI) as described by Niccolini et al.  
(2) The Modulation Complexity Score (MCS) introduced by 
McNiven et al. 
(3) The cumulative window width (CWW) obtained from the 
histogram of leaf pair openings which was obtained in order 
to compare the dynamic MLC characteristics among the 
participating centers. The fraction of pair openings larger 
than 15 mm was selected as a single point descriptor for the 
CWW.  
Additionally, the variogram fractal dimension (FD) was used 
to quantify the modulation complexity of fields by using 
FracMod (Tambasco et al). 
Results: Although all centers reached the dosimetric goals 
set and passed their in-house pre-treatment verification, the 
generated fluence distributions were extremely dissimilar. 
Table 1 summarizes the average field complexity indices 






Figure 1 shows the fluence map of the field with the gantry 
at 240º from the HN case for the 5 departments (the white 
arrow indicates the direction of leaf movement). Fluence 
from Institution C, visually rough, led to a very steep CWW 
where almost 90% of the delivery is done with an opening 
smaller than 20 mm. This is also reflected in the fact that it 
has the larger complexity as measured by MIx and FD. On the 
other hand Institutions A and E had the larger proportion of 
this field with a window larger than 35 mm (30% and 50% 
respectively) achieved by optimizing with a 90º collimator 
rotation. 
Conclusions: Large differences in plan complexities were 
found between the participating centers, even between those 
using similar equipments. For this reason we believe that it 
would be interesting to introduce plan complexity as an 
additional parameter when audits or multicenter comparisons 
are carried out. However, further study on this topic is 
needed and it is still unclear which index should serve best 
for plan complexity comparisons. 
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Purpose/Objective: To assess the attenuation of the couch 
top and how to simulate it in VMAT treatments. 
Materials and Methods: The analysis of the attenuation of 
the 'IGRT couch top' in a Varian Clinac iX with 6 MV were 
made using a cylindrical phantom (ArcCheck® from Sun 
Nuclear) with a PTW31010 chamber in its center. 
Measurements were made for 6 MV and field sizes of 
3cmx3cm, 5cmx5cm and 10cmx10cm. A CT of the table was 
performed to determine its geometry and detect possible 
inhomogeneities. A simple model of the couch top consisting 
on a layer of density 1 g/cm3 was introduced on a Pinnacle3 
Philips TPS. The thickness of this layer was changed 
iteratively until the best agreement with the measurements 
was achieved. The model was tested in several VMAT plans 
using the gamma criteria as well as with the dose distribution 
estimated with Sun Nuclear 3DVH® software. 
Results: In the conditions of the measurements, the 
attenuation of the couch was around 2,3% for the head 
position and 2.8% for the body position. The couch model, 
while simple, reproduced the measured attenuation for all 
the field sizes and gantry angles within 0.8%. A script was 
written to automatically include the couch model as a ROI on 
the CT images.  
Gamma index metric in VMAT prostate and ORL treatments 
with the couch top model included in both the planning and 
the CT images of the ArcCheck phantom, showed good 
agreement (3%/3 mm better than 98% in most of the cases). 
Conclusions: The table couch must be considered in any 
VMAT plan to get accurate results. The simple methodology 
followed in our hospital is exposed in this work, showing a 
good agreement with direct attenuation measurements as 
well as with dose distribution on patients. 
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Purpose/Objective: To present preliminary tests and 
procedures we implemented for commissioning volumetric 
modulated arc therapy (VMAT) on a commercial linac 
(Synergy S with Beam Modulator MLC, Elekta) and to perform 
routinary patient-specific QA dosimetry. 
Materials and Methods: Commissioning tests included: 
evaluation of beam flatness and symmetry at variable dose 
rates, tests on the calibration of MLC position, and evaluation 
of the global rotational delivery accuracy during VMAT. 
Beam flatness and symmetry were tested measuring photon 
6MV beam profiles with a 2D ion chamber array (Octavius 
Detector 729, PTW) inserted in an octagonal shape phantom 
(Octavius II, PTW) at the cardinal gantry angles, in directions 
both parallel (G-T) and perpendicular (A-B) to the gantry 
rotation axis. Dose rate was varied from approximately 600 
MU/min down to 40 MU/min. 
The MLC leaves calibration was investigated by irradiating a 
stripe 'garden-fence' test on a Gafchromic EBT3 film (ISP), at 
cardinal gantry angles. A 1cm x 16cm field was delivered 
from A to B, at 1 cm intervals across the field. Films were 
digitized by a flatbed professional scanner ( Expression 
10000XL/PRO, Epson). The dose profiles over adjacent 
segments were measured to detect potential leaf positioning 
errors (software PicodosePRO, Tecnologie Avanzate). 
Global rotational delivery accuracy during VMAT was tested 
by measuring the absolute doses resulting from five 'fully-
dynamic' prescriptions (dose-rate, gantry, leaves). Measures 
were performed in one point with a ion chamber (PTW 
Farmer 0.6cc) inserted in the Octavius phantom and 
compared to TPS calculations. 
Finally, 21 VMAT prostate treatment plans were generated on 
real CT scans (TPS Monaco, Elekta). Plans were copied-to-
phantom and sent to linac record and verify (Mosaiq, Elekta), 
then verified with the 2D array in phantom and compared 
with the TPS dose calculation in coronal plane of isocentre 
via local gamma analysis (3%, 3-mm distance-to-agreement 
criteria, software Verisoft, PTW).  
Five out of 21 plans were also verified with EBT3 films in 
Octavius phantom to be compared both with the 2D array 
measurements and with the TPS dose calculation; these 
evaluations are now in progress. 
Results: Beam flatness and symmetry in the G-T direction 
resulted respectively within ±5% and ±2% at all dose rates, 
while in the A-B direction the beam is less flat and symmetric 
as the dose rate is below 100 MU/min. 
Stripe tests on MLC leaf calibration showed variations in dose 
profile of about ±3% at the match lines and results were 
consistent between all gravitational conditions. 
Measurements of VMAT global rotational delivery accuracy 
were consistent with TPS calculation within ±3%. 
About patient-specific QA dosimetry, measurements showed 
a very good agreement with computed doses: indeed, the 
gamma passing-rate was > 95% for all plans (ex. in Fig.1). 
 
Fig. 1  
 
Conclusions: Preliminary tests we performed so far showed 
that Octavius dosimetry system in combination with EBT3 
Gafchromic films proved to be a fast, complete and reliable 
method for commissioning and QA of VMAT procedures. 
